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Crystal structure of the YNios3Gari7 (KHg2, Imma, a = 0.43006(4), b = 0.69108(6),
¢ = 0.73371(6) nm, Ry = 0.0315, wR2= 0.0635) and YNilno15Gao.ss (HoNiGa, Pnma,
a=0.69313(5), b =0.43225(7), ¢ = 0.74315(9) nm, R; = 0.0777, wR2 = 0.0658) compounds
were determined from the single crystal X-ray diffraction data. Stacking of trigonal prisms
in the structures were analyzed and briefly discussed.
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Introduction

Investigations of quaternary systems with rare-earths metals, transition metals and
indium are made in order to find new phases with their further use as functional
materials. Effects of the indium substitution by another p-elements (Al, Ga, Ge, Sb) for
ternary compounds R>7>In, RCuyIn and R7In (R = rare-earth metals, 7= Ni, Cu) were
studied [1-9]. The relationship between the magnetic properties and the electronic struc-
ture of intermetallics with a ZrNiAl-type structure were analyzed by the authors [10].
The dependence of the magnetic and electrical properties on the crystal structure of the
compounds of RTX composition is described in [11]. The magnetic and electrical
properties of intermetallic compounds can be influenced by the formation of solid
solutions. The influence of the substitution of U by Y, Fe or Co in UNiAl leads to a rapid
disappearance of long range magnetic order, however, the strong magnetic uniaxial
anisotropy (characteristic for UNiAl) persists [12]. Chemical substitution of indium (p-
element) by magnesium (s-element) destroys the long range magnetic ordering for solid
solution CeAuln;..Mg, [13]. Substitution of transition metal in solid solution TbNi.Cu,Al
leads to similar effects [14]. The change in the magnetic properties is observed for
TbiYNiln [15], TbNii+Ausdn [16]. In this paper we present the results of the crystal
structure determination of the phases in solid solutions YNiln;..Ga, [5]. We synthesized
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single crystals from alloys with different compositions. The crystal structures of YNiGa
and YNiln compounds were studied by X-ray powder diffraction [17-20].

Experimental details

Starting materials for the synthesis of the YNiGa and YNilng,Gaog samples were
pieces of yttrium (Ventron), nickel wire (ONYXMET), indium tear drops (Johnson
Matthey) and gallium lumps (Johnson Matthey), all with stated purities better than
99.9 %. The mixtures were arc-melted under an argon atmosphere and the buttons were
re-melted three times to ensure homogeneity. The weight loss after the re-melting
procedures was always smaller than 1 %. A special heat treatment was used for crystal
growth. Arc-melted alloys with compositions YNiGa and YNilno2Gags were placed in
small tantalum tubes and arc-welded under an argon pressure of about 600 mbar. The
tube was enclosed in an evacuated silica ampoule and the sample was heated in a
Naberterm HTCT 01/16 furnace. At first samples were heated to 1100 °C during 6 hours
and held at that temperature for 2 h, cooled at a rate of 3 K/h to 900 °C and held at that
temperature for 6 h. Finally, the samples were cooled to room temperature within 20 h.
Irregularly shaped crystal fragments were selected from the crushed samples and were
investigated by Laue photographs (RKV-86 camera, white molybdenum radiation) in
order to check the quality for intensity data collection. Intensity data were collected at
room temperature by use of a Stoe IPDS II diffractometer (graphite monochromatized
Mo Ko radiation; oscillation mode). The structure was solved and refined with programs
from the JANA 2006 [21]. The refined compositions were confirmed by the results of
the EDX analysis (Zeiss EVO MA10 scanning electron microscope). The experimentally
determined elements ratio for the YNio3Gai.17: 35(2) at. % Y, 28(2) at. % Ni, 37(2) at. %
Ga and for the YNilno 15Gagss: 36(2) at. % Y, 31(2) at. % Ni, 27(2) at. % Ga, 6(2) at. %
In and are in good agreement with the refined compositions.

Results and discussion

The single crystals of the YNips3Gaj17 compounds were obtained from YNiGa
sample and were refined in KHg,-type structure. This structure has two crystallographic
sites 4e and 84. Yttrium atoms occupy 4e site and 82 Wyckoff position is occupied by
Ni/Ga mixture. YNilno.1sGagss compound crystallizes in HoNiGa-type structure. All
positions are fully occupied: two 4c sites by Y and Ni atoms, and one 4c site is occupied
by a mixture of In/Ga atoms. Crystallographic data and the structure refinements details
are listed in Table 1. Atomic coordinates and anisotropic displacement parameters in the
structures are listed in Table 2. Interatomic distances in the structures are listed in
Table 3. The shortest interatomic distances in the YNigg3Gai 17 structure occur between
the sites of mixture Ni/Ga atoms, ranging from 0.249 to 0.267 nm, all slightly longer
than the sum of atomic radii 0.247 nm [22]. The shortest interatomic distances in the
YNilng 15Gaggs structure occur for Ni—In/Ga (0.252-0.269 nm) and Y-Ni (0.290—
0.299 nm).

YNiog3Gai.17 and YNilng 5Gagss compounds belong to the class of structures with
trigonal-prismatic coordination of small size atoms [23]. Trigonal prisms in the structures
of compounds in the YNiln;..Ga, system are shown in Fig. 1.
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Table 1

Crystallographic data and structure refinement of YNiys3Ga; 17 and YNilng5Gagss

Formula

Space group, Z
Structure type
Pearson symbol

Lattice parameters, nm

Radiation; A, nm

YNio s35Gar.17(s)
Imma, 4

Kng

oll12

a = 0.43006(4)
b = 0.69108(6)
¢ =0.73371(6)
v =0.21806(3)

Mo Ka; 0.071073

YNilng 1502)Gao.ss52)

Pnma, 4

HoNiGa

oP12
a=0.69313(5)
b=0.43225(7)
c=0.74315(9)
V'=0.22265(5)
Mo Ka; 0.071073

Temperature, K 293 293

Density calc., g/cm? 6.6755 6.6902

Absorption coeff. nm™'-10° 47.342 45.489

F(000) 392 401

0 range 4.05-34.95 4.02-34.81

hkl range +6, £10, £11 +10, £6, £11

No. of reflections 2669 516

Independent reflections/ 274/13/0.0384 325/21/0.661

parameters/Rint ’ )

Reflections with /> 26(/)/ Rs 245/0.0092 325/0.393

Goodness-of-fit 2 2.32 1.30

Ri/wR; for I>20(I) 0.0259/0.0628 0.0309/0.0532

Ri/wR; for all data 0.0315/0.0635 0.0777/0.0658

highest/lowers Ap, e A 1.53/-1.15 1.62/-2.10

Table 2
Atomic coordinates and anisotropic displacement parameters in the structures
of YNio.ngal.n and YNiIno.15Gao.s5
Wyckoff Ueq.- 102,
Atom };i te X y z sz
YNio.s3Gai.17
Y 4e 0 1/4 0.5496(1) 0.0135(2)
M* 8h 0 0.0567(1) 0.1650(1) 0.0143(2)
Atom Un Un | Uss Uns
Y 0.0132(3) 0.0155(4) 0.0119(3) 0
M* 0.0110(3) 0.0186(4) 0.0132(3) -0.0038(2)
YNilno.15Gao.s5

Y 4c 0.0133(2) 1/4 0.8014(1) 0.0142(2)
Ni 4¢ 0.2914(2) 1/4 0.0925(2) 0.0156(4)
M** 4¢ 0.6798(2) 1/4 0.0791(1) 0.0136(3)
Atom Un Un | Uss Uiz
Y 0.0122(5) 0.0138(3) 0.0166(3) 0.0013(3)
Ni 0.0188(7) 0.0110(6) 0.0169(6) -0.0042(4)
M** 0.0168(6) 0.0105(5) 0.0136(5) 0.0020(3)

*M=0.59(5) Ga + 0.41(5); **M = 0.15(2) In + 0.85(2) Ga; U2 = U3 = 0
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Table 3
Interatomic distances in the structures of YNigs;Gay.;7 and YNilng15Gagss
Atom | 3, nm | CN ] Atom | d, nm | CN
YNio.s3Gar.17
2M 0.2979(1) M* 2M 0.2486(1)
am 0.2981(1) M 0.2545(1)
2M 0.3122(1) 16 M 0.2672(1)
aM 0.3136(1) Y 0.2979(1) 12
2Y 0.3531(1) 2Y 0.2981(1)
2Y 0.3643(1) Y 0.3122(1)
2Y 0.3136(1)
2M 0.3649(1)
YNilno.15Gao.ss
Ni 0.2897(2) Ni 2M 0.2517(1)
2Ni 0.2986(1) M 0.2560(2)
2M 0.3032(1) M 0.2694(2)
M 0.3054(1) Y 0.2897(2) 10
M 0.3099(1) 16 2Y 0.2986(1)
2Ni 0.3123(1) 2Y 0.3123(1)
2M 0.3160(1) Y 0.3307(2)
Ni 0.3307(2) M** 2Ni 0.2517(1)
2Y 0.3549(2) Ni 0.2560(2)
2Y 0.3663(1) Ni 0.2694(2)
2Y 0.3032(1) 10
2Y 0.3054(1)
Y 0.3099(1)

2Y 0.3160(1)

#)=0.59(5) Ga + 0.41(5); **M = 0.15(2) In + 0.85(2) Ga

YNiln, . Ga,,,

@®c e
Y In GaNi

Fig. 1. Stacking of the trigonal prisms in the structures of:
YNios3Gay.17, YNilng15Gaoss and YNilno63Gaos7 [S].



72 MYROSLAVA HORIACHA, GALYNA NYCHYPORUK, RAINER POTTGEN, VASYL ZAREMBA

Trigonal prisms of yttrium atoms in the YNilng¢3Gao 37 compound are connected by
shared edges and form chains along the direction a. We observed the formation of two
similar chains of trigonal prisms on a different hight in YNilno5Gagss structure.
Trigonal prisms are connected by shared rectangular faces and form chains along direc-
tion b in YNips3Gai.17compound with KHg,-type structure. Atoms of the p-elements (or
atoms of the statistical mixture) are located in the vertices of one of the edges of trigonal
prisms, and the other vertices are occupied by yttrium atoms in YNigs3Gai.17 (KHg,) and
YNilng 15Gagss (HoNiGa) structures. Whereas, in the YNilng¢3Gao37 (ZrNiAl) structure
two types of prisms can be separated: some are formed exclusively by atoms of yttrium
and others — by atoms of p- (or atoms of statistical mixture). Substitution the atoms of d-
or p-elements by the atoms of p-elements in structures of these compounds occurs in the
positions of atoms that form the trigonal prisms.

This work was financially supported by the Deutsche Forschungsgemeinschaft. M.H.
is indebted to DAAD for a research stipend.
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PE3IOME

Mupocnasa TOPAYA", F'anuna HHYHUIIOPYK', Paiinep ITbOTTIEH?, Bacuns 3APEMEA"
KPUCTAJ/ITYHA CTPYKTYPA CIIOJYK YNi0’83Gal,17 | YNiIno,lscao’gs

Tvsiecoruti nayionanonutl yniepcumem iveni leana @panxa,
eyn. Kupuna i Meghoois, 6, 79005 Jlvsis, Yrpaina

2Incmumym neopaaniunoi ma ananimuyunoi ximii, Ynisepcumem Mioncmepa,
Koppenwmpacce, 30, D-48149 Mwonucmep, Hineuuuna
e-mail: goryacha_muroslava@ukr.net

Kpucraniuny crpyktypy cmoiyk YNigs;Ga; (cTpykrypuuit tan KHg,, npocropoBa rpyma Imma,
a=0,43006(4), b =0,69108(6), ¢ = 0,73371(6) um, R, = 0,0315, wR, = 0,0635) i YNilng5Gagss (CTpyKTYpHHUii
tun HoNiGa, npoctopoBa rpyna Pnma, a = 0,69313(5), b = 0,43225(7), ¢ = 0,74315(9) um, R, = 0,0777,
WR> = 0,0658) yTouHEHO METOJOM MOHOKpHCTana. [IIsi OTpUMaHHS MOHOKPHUCTANIB 3pa3ku ckiaaxy YNiGa ta
YNilng,Gags CHHTE30BaHO METOAOM EJIEKTPOAYTOBOi IUIABKH, MiJAaHO CIeUianbHii TepMidHiii oOpoOi Ta
JIOCITI [UKEHO PEHTTeHiBChKUM MeTozioM (aBroaudpaktomerp Stoe IPDS I, MoKa-BunpomintoBansst). SKicHHN
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Ta KUIBKICHUH CKJIaJ DOCTiIKEHHX MOHOKPHUCTANTIB MiATBep/UKeHO pesynbraramu EDX amamisy (ckamyrodmit
enektpoHHuii Mikpockon Zeiss EVO MA10). Kpucramiuni ctpyktypu cronyk cuctemu Y Niln,..Ga, Hanexarb
10 KJIaCy CIOIYK 3 TPHTOHAIbHO-IPU3MATHYHOK KOOPAMHAIIEI0 AaTOMIB MEHIIOTO pO3Mipy. Y CTPyKTypi
cnonyku YNilng 63Gag 37 (cTpykTypHuii Tvn ZrNiAl) TpuroHansHi IpU3MH, yTBOPEHI aTOMaMH 1Tpilo i 3°e¢XHaHI
CNINBHUMH pedpaMH, yTBOPIOIOTh JIAHIFOTH B3/I0BXK HAmpsAMKy a. PopMyBaHHs JBOX MOJIOHMX JAHIIOTIB Ha
pI3HHX BHCOTax IIPOCTEXYETbCA B CTPYKTypi cmomyku YNilng;sGagss (ctpykryprmii Tun HoNiGa). ¥V
cTpyktypi cnonyku YNigg3Ga, 17 (ctpykrypruid un KHg,) TpuronanbHi npu3m, 3°€IHaHi CITBHOIO IPSIMO-
KyTHOIO TPAHHIO, YTBOPIOIOTH JIAHIIOTH B3JOBXK HANpPSAMKY b. ATOMH p-eneMeHTIiB (ab0 aToMM CTaTHCTHYHOL
CyMillli) pO3TAIIOBaHi y BEPIIMHAX OJHOTO 3 pedep TPUrOHAJIBLHUX MPH3M, a PEIITa BEPLINH 3aiHATI aTOMaMH
iTpito y ctpykTypax cmoimyk YNigpgsGay 7 i YNilngsGaggs. Tomi sik, y crpykrypi cromyku YNilnge3Gag s
MO>KHA BHAUTATH ABa TUIX HPHU3M: OJHI YTBOPEHI BUKIIOYHO aTOMAMU iTPil0 a iHII — aTOMaMH p-eleMEHTIB
(abo aTromMamy CTaTHCTHYHOI cywmimm). 3amillieHHS aTOMIiB d- ab0 p-eJIEMEHTIB aTOMaMU p-CIEMEHTIB y
CTPYKTYpax LHUX CIOJIYK BiAOYBA€THCS B MONOKCHHSX, 110 YTBOPIOIOTH TPUTOHAIBHI IPU3MH.

Knouosi cnosa: eanitl, indiil, Memoo MOHOKpUCMALA, KPUCIATIYHA CIPYKMYPA.
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